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Abstract
Background: Children and adolescents spend a lot of time sitting at school. Implementing standing desks in the
classroom is one potential strategy to reduce and break up sitting time. The first aim was to evaluate the effect of
implementing standing desks in classrooms in primary and secondary schools on pupils’ sitting-related behaviour
and determinants. The second aim was to quantitatively and qualitatively evaluate the process of implementing the
desks in the classroom.
Methods: We conducted a cluster-randomised controlled trial with a pre-, mid-, and post-test design including 10
intervention schools (5 primary, 5 secondary schools) and 9 control schools (5 primary, 4 secondary schools) across
Flanders, Belgium. Three standing desks were placed in one class in each intervention school for 6 months. At pre-,
mid- and post-test, all pupils (n = 311; 54.5% girls) completed a questionnaire whilst a subsample of three pupils per
class wore an activPAL inclinometer for one school week. Focus groups with pupils and interviews with teachers
were conducted at mid-test. Process evaluation questions were added to the mid- and post-test questionnaire for
the intervention group. Qualitative data were analysed using NVivo 11. Multilevel regression analyses were
conducted in MLwiN 2.31.
Results: Few significant intervention effects were observed, although activPAL data showed favourable intervention
effects on primary school pupils’ sitting and standing time and bouts. Focus groups and interviews showed a
generally positive attitude towards using standing desks in both teachers and pupils, although some barriers and
suggestions for future implementation were noted, for example regarding the amount of desks per classroom.
Quantitative process evaluation data showed a low individual use of standing desks (between 57 and 83 min per
week), which significantly decreased across the school year for primary school pupils only.
Conclusions: Although pupils and teachers were generally positive about the desks, relatively few intervention
effects were found. Future studies should consider how to optimise the use of standing desks in classrooms to
impact on sitting time, by for example, determining the most feasible intervention design and by encouraging the
continued use of standing desks throughout the school year. Moreover, additional intervention strategies (e.g.
educational strategies) might be needed.
Trial registration: NCT03163004. ClinicalTrials.gov. Registered 22 May 2017 (retrospectively registered).
Keywords: Sedentary, Sitting, Bouts, Intervention, Classroom, ActivPAL, Focus group, Questionnaire, Children,
Adolescents
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Background
Sedentary behaviour is defined as “any waking behaviour
characterised by an energy expenditure ≤1.5 metabolic
equivalents, while in a sitting, reclining or lying posture” [1].
The association between sedentary behaviour and health is
less consistent in children than in adults, especially when
sedentary behaviour is objectively measured [2–4]. Never-
theless, several studies and reviews have found adverse asso-
ciations between sedentary behaviour(s) and health in this
population, such as unfavourable weight status, reduced
physical fitness, and lower self-esteem and school perform-
ance [5–8]. Notably, these associations are largely independ-
ent from moderate- to vigorous-intensity physical activity
[7]. Moreover, since sedentary behaviour in early life tracks
into adulthood [9, 10] where it can have potential health im-
plications such as an increased risk of developing type 2 dia-
betes and metabolic risk factors [6, 11–13], effective
strategies are needed to reduce the time that children and
adolescents spend in sedentary behaviours. Children and ad-
olescents spend more than 60% of their waking hours sed-
entary [14–16] of which a large amount is accumulated
during school hours whilst sitting in class [17, 18]. There-
fore, the classroom is an important setting for implementing
specific strategies to reduce sedentary behaviour in this tar-
get group [19].
One strategy that has gained attention in recent years is
replacing traditional desks and chairs with standing desks
[20]. Systematic reviews have summarised the available, al-
beit limited, evidence regarding the effectiveness of using
standing desks. From the findings so far, there is evidence
to suggest that standing desks in the classroom can posi-
tively affect pupils’ energy expenditure and sitting, standing
and stepping time [20–22]. All reviews advocated for more
research, as most included studies were pilot studies con-
ducted in one or two schools and had small sample sizes,
thus lacking adequate statistical power. In addition, most
studies have been conducted in the USA, Australia and
New Zealand [23–28], with research from Europe being
scarce [25]. Finally, almost all studies have been conducted
in primary schools, and only little research in secondary
schools [28]. This, arguably, is due to the difference in the
school day structure, as pupils from secondary schools gen-
erally move to different classrooms throughout the school
day whilst primary school pupils tend to remain in one
classroom for most lessons. This makes it logistically more
challenging to implement standing desks at school (i.e. less
exposure to the desks), which may result in more limited
intervention effects. In conclusion, more high quality re-
search in a relatively large sample of pupils from primary
and secondary schools in a European context is needed to
add to the current literature.
With regard to the adoption, success and sustainability
of implementing standing desks, it is also important to
evaluate how this change in the classroom environment
is perceived by both pupils and teachers [20]. Previous
studies have found that teachers were positive about the
use of standing desks, as this elicited increased space in
the classroom and flexibility in learning and improved
social interactions and pupils’ motivation concentration
and attention [24, 27, 29]. Reported barriers were con-
cerns about the loss of control, increased distraction
among pupils, and the standing desks being possibly
challenging for less physically active and/or overweight
pupils [20, 27]. Focus group research in primary school
pupils showed that most children were happy with the
standing desks in the classroom, as they made them
more alert and focused and facilitated group work and
social interaction with teachers [20, 29]. Reported bar-
riers were being tired because of standing, having neck
and/or leg pain, and not being able to use the standing
desk as other children took their place [20, 29]. A pilot
study in which adolescents completed a short process
evaluation questionnaire relating to the use of standing
desks, found that the majority of respondents enjoyed
the lessons more and worked well while standing up;
however, about one third reported that they were more dis-
tracted and less concentrated [28]. These findings highlight
potential benefits and barriers to using standing desks, but
more detailed process evaluations are required to further
explore teacher and students’ perceptions on the imple-
mentation of standing desks in the classroom [21], espe-
cially among secondary school teachers and pupils.
Therefore, the first aim of this study was to conduct
an effect evaluation of implementing standing desks into
the classroom of primary schools (5th Grade) and sec-
ondary schools (10th Grade) across Flanders, Belgium
using a quasi-experimental design. The 5th Grade was
chosen due to children gaining more autonomy and
decision-making power regarding health behaviour, thus
making this a critical period for changes in health behav-
iour [30, 31]. In addition, children at this age are able to
complete a self-reported questionnaire [32]. The 10th
Grade was chosen due to previous research demonstrat-
ing a significant increase in objectively-measured seden-
tary behaviour from early to mid-adolescence [33]. We
evaluated the effect on pupils’ sitting time at school,
breaks in sitting time at school, determinants of break-
ing up sitting time, screen-time and school-based fac-
tors, assessed by a self-reported questionnaire. In
addition, we explored the effect on objectively-measured
sitting time, standing time, stepping time, number of
sit-stand transitions, and sitting and standing bouts in a
subsample of pupils. The second aim was to evaluate the
process of implementing standing desks using question-
naire and focus group data from pupils and interview
data from teachers. As the school system differs between
primary and secondary schools (e.g. home classrooms vs.
subject-specific classrooms), differences in the effect and
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process evaluation between primary and secondary
schools were also explored.
Methods
Study procedure
This cluster-randomised controlled trial had a pre-, mid-
and post-test design and included an intervention and
control group. A convenience sample (based on having
expressed interest in participating in a standing desks
study and being located on a feasible distance of the uni-
versity) of 26 primary and secondary schools (East- and
West-Flanders, Flanders, Belgium) was invited by re-
searchers to participate in the study (June to September
2016). Principals were contacted via email or telephone,
and 19 gave permission to participate. The participating
schools were randomly assigned to the intervention or
control group, stratified by educational system (primary
vs. secondary school) and education type (general vs. tech-
nical education) by a researcher who was not involved in
the recruitment of schools. This resulted in 5 primary and
5 secondary intervention schools and 5 primary and 4 sec-
ondary control schools. In each school, the principal was
asked to randomly select one class (a 5th Grade class with
the majority of pupils being aged 10–11 years old for pri-
mary schools and a 10th Grade class with the majority of
pupils being aged 15–16 years old for secondary schools).
As pupils in Flemish secondary schools often transition
between classrooms, principals from secondary schools
were asked to select a 10th Grade class that spent at least
ten lessons hours per week in one classroom to ensure
sufficient exposure to the desks. All children and adoles-
cents in those classes were invited to participate in the
study. In total, 343 of the 401 pupils attending the 19
schools provided written (parental) consent (85.5%) and
participated in the measurements at the pre-test (Novem-
ber–December 2016), mid-test (February–March 2017)
and post-test (May–June 2017). A priori power analysis
suggested a sample size of 331 when taking into account a
correction factor for the clustering of pupils in schools.
After the pre-test, the standing desks were placed in each
intervention class for 6 months. The CONSORT checklist
for cluster-randomised controlled trials and TIDIER check-
list have been completed (Additional files 1 and 2). The
study protocol was approved by the ethics committee of
the Ghent University Hospital (B670201628738). The trial
has been registered at ClinicalTrials.gov (NCT03163004;
retrospectively registered on 22 May 2017).
Implementation of standing desks
The intervention took place from January to June 2017
(end of the school year). Three standing desks (http://
www.jaswig.com; 295$ per desk at that time) were added
to each intervention class (with a range of 13 to 27 pu-
pils), so no traditional desks were removed from the
classroom during the study. The reason to choose three
desks is that schools often report the high costs of
standing desks as a barrier to implement them [20]. If
we aim to broadly promote and scale-up the use of
standing desks in schools, practical and less costly solu-
tions are needed (such as a limited amount of desks per
class). Moreover, a study that investigated the effect of
installing standing desks for all pupils versus using a ro-
tation system with six standing desks found similar ef-
fects on children’s sitting time [25]. When the desks
were installed, a 10 min PowerPoint presentation was
given by a researcher to the teachers to situate our inter-
vention in a health context, based on scientific evidence.
We started with defining the health problem (i.e. what is
sedentary behaviour), followed by discussing the health
consequences of too much sitting and the high preva-
lence of sitting at school, highlighting that actions or
strategies to reduce sitting time at school are needed.
This led us to introducing the strategy of implementing
standing desks in the classroom. Practical information
on the desks was provided as well (e.g. desk height ad-
justment). All information from the PowerPoint presen-
tation was also provided in a printed teacher manual.
Teachers were asked to use a rotation system to make
sure that all pupils had equal access to the desks. It was
also recommended that pupils rotated from the trad-
itional desks to standing desks approximately every half
lesson hour (i.e. every 25 min), however, teachers could
adapt this system at their convenience. Further, two post-
ers with the text ‘Standing at your desk every day, keeps
the doctor away’ were provided to hang on the classroom
wall to motivate/prompt pupils and teachers to use the
desks. No other environmental or educational interven-
tion strategies were implemented.
Effect evaluation measures
Questionnaire
All children and adolescents from the intervention and
control schools completed a questionnaire in their class-
room at pre-, mid- and post-test. As the main goal of
the standing desks was to reduce and break up pupils’
sitting time, the questionnaire included two questions
on the sitting time and number of breaks in sitting time
at school, derived from previously used questionnaires
[34, 35]. To explore whether the intervention affected
sedentary behaviour at home, we also assessed children’s
screen-time during leisure time. We specifically assessed
screen-time behaviours (i.e. television watching and
compute use) at home, as they are the most prevalent
sedentary activities [36]. Also, questionnaires for chil-
dren and adolescents mostly assess specific sedentary ac-
tivities and not the general sitting time at home [37]
which might be more difficult to estimate and therefore
less valid. In addition, determinants of breaking up
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sitting time were also assessed (i.e. preference, attitude,
self-efficacy and habit), derived from the UP4FUN ques-
tionnaire within the ENERGY-project [35]. These vari-
ables were included as it was hypothesised that an
environmental strategy (i.e. introducing the standing
desks into the classroom) could affect psychological vari-
ables such as self-efficacy, in accordance with the EnRG
framework [38, 39]. Finally, school-related variables (i.e.
relationship with classmates, involvement in organising
school activities and relationship with teachers) were
assessed using items from the Flemish Health Behaviour
in School-aged Children questionnaire [40]. These vari-
ables were included as the additional effects on these
school-related variables might be relevant for teachers
and school principals in order to convince them to im-
plement standing desks [20]. All questionnaire items and
response categories are displayed in Table 1.
activPAL
The teacher of each participating intervention and con-
trol class was asked to randomly select three pupils to
wear an activPAL monitor (PAL Technologies, Glasgow,
UK) for one school week (4 or 5 school days) at the
pre-, mid- and post-test. Due to the limited availability
of the activPAL monitors to the research team combined
with a large number of schools that had measurements
in a short period, only a small subsample could be
assessed in this study. To have a sufficient amount of
valid days, the devices were distributed on Monday or
Tuesday and were collected again on Friday afternoon.
As the main focus was on school day behaviour, no
weekend days were included. The device was attached to
anterior mid-line of the right thigh using 3MTM Tega-
derm Transparent Film Roll. The activPAL summarises
data in 15-s intervals and has shown to be a valid meas-
ure for estimating the time spent sitting, standing and
walking in this population [41]. The activPAL data were
initially downloaded using activPAL3™ software (v7.2.32)
and were then processed using a customised Excel
macro. Non-wear time was calculated as periods of more
than 20 min of consecutive zero counts [42], which is in
accordance with accelerometer studies in children [43].
Pupils who provided at least 2 weekdays of a minimum
of 9 h wear time per day at each time point were in-
cluded. The following outcomes were used and/or calcu-
lated: (a) sitting time, (b) standing time, (c) stepping
time, (d) number of sit-to-stand transitions, (e) fre-
quency of sitting bouts lasting ≥30 min, (f ) sitting time
accumulated in bouts lasting ≥30 min, (g) frequency of
standing bouts lasting at least 1 min, and (h) standing
time accumulated in bouts lasting at least 1 min. Sitting
and standing bouts were defined as a continuous period
of sitting time of at least 30 min or standing/stepping
time of at least 1 min, with no tolerance allowed. All
outcomes were calculated for an entire weekday and
during school hours (8:30 am – 4 pm). The class activ-
ities of the included primary and secondary schools
started between 8:30 am and 8:40 am and ended be-
tween 3:35 pm and 4:20 pm. One start time (8:30 am)
and one end time (4 pm) was set for determining the
time period during school hours.
Process evaluation measures
Qualitative measures
At the mid-test, focus groups with 6–8 randomly chosen
pupils per intervention class (total of 10 focus groups)
and an interview with one teacher from each interven-
tion school (total of 10 interviews) were conducted. All
focus groups and interviews were recorded and tran-
scribed to facilitate analysis. The interview guide for
both pupils and teachers consisted of open-ended ques-
tions addressing the following topics: (1) use of standing
desks, (2) perceived effects of standing desks, (3) attitude
towards using standing desks (including positive and
negative aspects), and (4) suggestions for future imple-
mentation. It was emphasised that any negative experi-
ences were useful information too. Focus groups lasted
about 30 min and interviews about 15 min.
Questionnaire for pupils
At the mid- and post-test, process evaluation items were
added to the questionnaire for pupils from the interven-
tion group. In total, there were seven questions, includ-
ing two items on how many times per week (Monday to
Friday) they stand at a standing desk and how long they
stand at the standing desk each time. The frequency per
week and the duration each time were multiplied to cal-
culate the mean duration per week at a standing desk.
The five other items were about personal determinants
related to taking lessons while standing at a standing
desk (i.e. preference, attitude, self-efficacy, habit and
subjective norm). All process evaluation questionnaire
items and response categories are displayed in Table 1.
Data analyses
Quantitative data
To evaluate the effect of the intervention and to investi-
gate the change in the quantitative process evaluation
data, multilevel repeated measures analyses were per-
formed using MLwiN 2.31 (Centre for Multilevel Model-
ling, University of Bristol, UK). Multilevel modelling
(three-level: measurement-pupil-school) took into account
the clustering of three measurements for the effect evalu-
ation (pre, mid- and post-test), and two measurements for
the process evaluation (mid- and post-test) of pupils in
schools (completer analysis). Skewed variables were
log-transformed for analyses to improve normality. For
ease of interpretation, non-transformed mean values are
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reported. Pupils’ age and sex were included as a covariates,
as they were significantly associated with the main out-
come sitting time at school (assessed via the question-
naire). For the activPAL data, wear time was also included
as a covariate. For the effect evaluation, the reported
ß-value for the interaction effect between ‘time’ and ‘con-
dition’ can be interpreted as the difference in the change
in outcome going from pre- to mid-test and from pre- to
post-test according to the condition to which pupils be-
long (intervention vs. control condition). For the process
evaluation among pupils, the reported ß-value for the ef-
fect of ‘time’ represents the change in outcome going
from mid- to post-test in the intervention group. For the
effect evaluation using questionnaire data, a three-way
interaction effect (condition*time*school) was calculated
and reported in the results section. In case of a significant
three-way interaction effect for an outcome variable, ana-
lyses were stratified by school. Due to the small sample
who wore an activPAL and almost all interaction effects
with school being significant for the process evaluation,
these results are reported separately for primary and sec-
ondary school pupils. For all statistical analyses, p-values
< 0.05 were considered statistically significant; p-values be-
tween 0.05 and 0.1 were considered borderline significant.
Datasets have been included as Additional files 3 and 4.
Qualitative data
To evaluate the process using qualitative data (focus
groups and interviews), data were thematically analysed
via NVivo 11.0 in several phases [31]. First, a coding
scheme was developed based on the focus group and
interview guide, consisting of the four main topics. Sec-
ondly, a combination was used of both axial coding and
inductive coding in order to add other sub-themes that
arose in the transcripts to the final coding template [31].
The final coding scheme was then used to code all tran-
scripts. All codes of the transcripts were compared for
similarities and variability and interpreted [44].
Results
Sample characteristics
Of the 343 pupils who had consent to participate, 322
completed the questionnaire three times, of which 166
were primary school pupils (51.8% intervention group;
54.3% girls; mean age 10.5 ± 0.4 years) and 156 were sec-
ondary school pupils (40.3% intervention group; 54.6%
girls; mean age 15.5 ± 0.5 years). No differences were
found according to age (Beta = 0.04; SE = 1.11), sex (Beta
= 0.12; SE = 0.07), and sitting at time at school (Beta =
6.53; SE = 21.54) between the intervention and control
condition at baseline. Of those 343 pupils, 57 were asked
to wear an activPAL inclinometer at pre-, mid- and
post-test. However, at the post-test, pupils from eight
schools (n = 24) did not wear the inclinometer anymore
due to the exam period and/or the very warm weather.
Therefore, we only analysed data from the pre- and
mid-test. Only 36 pupils had valid data at both time
points, of which 18 were primary school pupils (55.6%
intervention group, 50.0% girls, mean age 10.5 ±
0.3 years) and 18 were secondary school pupils (55.6%
intervention group, 45.0% girls, mean age 15.5 ±
0.3 years).
Effect evaluation using questionnaire data (intervention
and control group)
Results for the total sample can be found in Table 2, in-
cluding the mean values for the intervention and control
group at the pre-, mid- and post-test. Only two (border-
line) significant intervention effects were found in the
total sample. The relationship with classmates slightly
deteriorated for the intervention group and remained
stable for the control group between the pre- and
post-test. Further, there was a small increase in
self-efficacy to break up sitting time for the intervention
group and a small decrease for the control group be-
tween the pre- and mid-test. The (borderline) significant
three-way interaction effects revealed a few differences
in intervention effects between primary and secondary
school pupils. Table 3 shows the results of the stratified
analyses, including the mean values for all groups at the
pre-, mid- and post-test. Three significant intervention
effects were found for secondary school pupils, but not
in the expected direction. The reduction in sitting time
at school was larger for the control group than for the
intervention group between the pre- and mid-test. The
relationship with classmates deteriorated for the inter-
vention group and slightly improved for the control
group between the pre- and post-test. Finally, the inter-
vention group reported a decrease for the habit of break-
ing up sitting time, whereas the control group reported
an increase between the pre- and mid-test. For primary
school pupils, two intervention effects were found.
There was a small increase in self-efficacy to break up
sitting time for the intervention group and a decrease
for the control group between the pre- and mid-test.
Further, the intervention group reported an increase for
the habit of breaking up sitting time, whereas the con-
trol group reported a decrease between the pre- and
post-test.
Effect evaluation using activPAL data (intervention and
control group)
Results (including the mean values for all groups at the
pre- and mid-test) are shown in Table 4. The analyses
showed some (borderline) significant intervention ef-
fects, but mainly in primary school pupils. The primary
school intervention group had a decrease in sitting time
during school hours, an increase in standing time during
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Table 3 Intervention effects on pupils’ questionnaire data, stratified for school
PRE
Mean (SE)
MID
Mean (SE)
POST
Mean (SE)
Group x time
(Ref: contr x pre)
Beta (SE)
Sitting time at schoola (min/day) Primary school I: 292.9(17.3)
C: 308.4(17.3)
I: 243.2(17.1)
C: 294.2(17.2)
I: 315.1(17.1)
C: 303.5(17.1)
Mid: − 0.070(0.050)
Post: 0.070(0.051)
Secondary school I: 375.8 (11.4)
C: 362.2(12.5)
I: 366.5(11.4)
C: 314.7(12.5)
I: 372.3(11.4)
C: 357.6(12.5)
Mid: 0.058(0.028)
Post: − 0.014(0.028)
Relationship with classmatesa (1–5) Primary school I: 4.4(0.1)
C: 4.3(0.1)
I: 4.4(0.1)
C: 4.3(0.1)
I: 4.4(0.1)
C: 4.3(0.1)
Mid: 0.003(0.014)
Post: − 0.004(0.014)
Secondary school I: 4.4(0.2)
C: 4.0(0.2)
I: 4.4(0.2)
C: 4.1(0.2)
I: 4.2(0.2)
C: 4.1(0.2)
Mid: −0.020(0.017)
Post: − 0.045(0.017)
Habit of breaking up sitting time (1–5) Primary school I: 3.5(0.2)
C: 3.6(0.2)
I: 3.7(0.2)
C: 3.5(0.2)
I: 3.7(0.2)
C: 3.4(0.2)
Mid: 0.338(0.244)
Post: 0.467(0.244)
Secondary school I: 3.7(0.1)
C: 3.6(0.2)
I: 3.5(0.1)
C: 3.9(0.1)
I: 3.5(0.1)
C: 3.5(0.2)
Mid: −0.456(0.249)
Post: − 0.216(0.248)
Self-efficacy to break up sitting time a (1–5) Primary school I: 3.2(0.2)
C: 3.7(0.2)
I: 3.4(0.2)
C: 3.2(0.2)
I: 3.6(0.2)
C: 3.6(0.2)
Mid: 0.188(0.095)
Post: 0.130(0.096)
Secondary school I: 3.0(0.1)
C: 3.1(0.2)
I: 2.9(0.1)
C: 3.1(0.2)
I: 3.0(0.1)
C: 3.4(0.2)
Mid: 0.026(0.086)
Post: −0.103(0.086)
alog-transformed, I intervention group, C(ontr) control group, SE standard error
Significant values are indicated in bold
Borderline significant values are indicated in italic and bold
Table 2 Intervention effects on pupils’ questionnaire data
Variabele PRE
Mean (SE)
MID
Mean (SE)
POST
Mean (SE)
Group x time
(Ref: contr x pre)
Beta (SE)
Group x time*school
(Ref: contr x pre x prim)
Beta (SE)
Sitting time at schoola (min/day) I: 334.3 (15.6)
C: 332.1
(16.1)
I: 306.0 (15.5)
C: 303.8
(16.1)
I: 342.5 (15.5)
C: 327.0
(16.1)
Mid: − 0.005(0.030)
Post: 0.026(0.030)
Mid: 0.128(0.059)
Post: − 0.084(0.059)
Number of breaks in sitting time at school (per lesson
hour)
I: 2.4 (0.3)
C: 2.2 (0.3)
I: 2.2 (0.3)
C: 2.2 (0.3)
I: 2.3 (0.3)
C: 2.2 (0.3)
Mid: − 0.182(0.144)
Post: 0.042(0.145)
Mid: 0.359(0.289)
Post: − 0.393(0.289)
Relationship with classmatesa (1–5) I: 4.4 (0.1)
C: 4.2 (0.1)
I: 4.4 (0.1)
C: 4.2 (0.1)
I: 4.3 (0.1)
C: 4.2 (0.1)
Mid: −0.007(0.011)
Post: −
0.024(0.011)
Mid: − 0.023(0.022)
Post: −
0.041(0.022)
Involvement in organizing school activities (1–5) I: 3.8 (0.1)
C: 3.6 (0.1)
I: 3.8 (0.1)
C: 3.4 (0.1)
I: 3.9 (0.1)
C: 3.4 (0.1)
Mid: 0.106(0.147)
Post: 0.230(0.147)
Mid: 0.461(0.295)
Post: 0.359(0.294)
Relationship with teachers (1–5) I: 4.1 (0.1)
C: 3.6 (0.2)
I: 4.0 (0.1)
C: 3.5 (0.2)
I: 4.0 (0.1)
C: 3.7 (0.1)
Mid: −0.057(0.122)
Post: − 0.137(0.121)
Mid: 0.312(0.244)
Post: 0.336(0.243)
Screen-time (min/day) I: 168.9 (13.9)
C: 152.7
(14.8)
I: 165.4 (13.9)
C: 155.8
(14.8)
I: 166.5 (13.9)
C: 147.6
(14.7)
Mid: −7.722(8.572)
Post: 3.144(8.591)
Mid: 19.812(17.116)
Post: 12.141(17.147)
Attitude towards breaking up sitting timea (1–5) I: 4.3 (0.1)
C: 4.3 (0.1)
I: 4.3 (0.1)
C: 4.2 (0.1)
I: 4.3 (0.1)
C: 4.4 (0.1)
Mid: 0.037(0.046)
Post: − 0.016(0.046)
Mid: 0.016(0.092)
Post: 0.056(0.092)
Preference to break up sitting time (1–5) I: 3.9 (0.1)
C: 3.9 (0.1)
I: 3.9 (0.1)
C: 3.9 (0.1)
I: 4.0 (0.1)
C: 3.6 (0.1)
Mid: 0.017(0.155)
Post: − 0.202(0.155)
Mid: −0.249(0.311)
Post: 0.059(0.310)
Habit of breaking up sitting time (1–5) I: 3.6 (0.1)
C: 3.6 (0.1)
I: 3.6 (0.1)
C: 3.6 (0.1)
I: 3.6 (0.1)
C: 3.5 (0.1)
Mid: −0.043(0.174)
Post: − 0.119(0.174)
Mid: − 0.800(0.349)
Post: − 0.682(0.349)
Self-efficacy to break up sitting time a (1–5) I: 3.1 (0.1)
C: 3.4 (0.1)
I: 3.2 (0.1)
C: 3.1 (0.1)
I: 3.3 (0.1)
C: 3.5 (0.1)
Mid: 0.111(0.064)
Post: 0.011(0.064)
Mid: −0.163(0.129)
Post: − 0.233(0.129)
alog-transformed, I intervention group, C(ontr) control group, prim primary school, SE standard error
Significant values are indicated in bold
Borderline significant values are indicated in bold and italic
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school hours and per weekday, a decreased amount of
sitting bouts per weekday, a decrease in the time accu-
mulated in those sitting bouts during school hours and
per weekday, an increase in the amount of standing
bouts during school hours and an increase in the time
accumulated in those standing bouts, whereas opposite
changes were found for the primary school control
group. However, the stepping time per weekday de-
creased for the primary school intervention group and
increased for the primary school control group. Among
secondary school pupils, only one borderline significant
effect was found for the number of sit-to-stand transi-
tions, with a decrease for the secondary school interven-
tion group and an increase for the secondary school
control group.
Process evaluation using pupils’ questionnaire data
(intervention group only)
Process evaluation results are displayed in Table 5. Al-
though the mean values for the process evaluation were
observed to be higher for primary school pupils in the
intervention group, there were some unfavourable signifi-
cant time effects in this group. The frequency of using the
standing desks, the mean duration at the desk and pupils’
preferences, self-efficacy, and habit to use the standing
desk decreased significantly in primary school pupils. Only
for the subjective norm to use the standing desks, a bor-
derline significant increase was found. Among secondary
school pupils, there was only a borderline significant
increase in the frequency of using the desks, and pupils’
attitude towards the desks.
Table 4 Intervention effects on pupils’ activPAL data, separately for primary and secondary schools
School hours Entire school day
PRE
Mean (SE)
MID
Mean (SE)
Group x time
(Ref: contr x pre)
Beta (SE)
PRE
Mean (SE)
MID
Mean (SE)
Group x time
(Ref: contr x pre)
Beta (SE)
Sitting time (min) Primary school I: 243.8 (8.9)
C: 248.1 (8.9)
I: 217.9 (8.9)
C: 260.0 (9.1)
−37.404 (13.323) I: 445.8 (13.0)
C: 467.2 (13.2)
I: 428.8 (13.1)
C: 464.1 (13.5)
−13.569 (15.793)
Secondary school I: 302.9 (8.0)
C: 307.7 (9.6)
I: 296.9 (9.0)
C: 295.2 (10.6)
9.049 (18.349) I: 571.2 (14.3)
C: 594.9 (16.8)
I: 617.4 (15.4)
C: 601.0 (19.0)
41.991 (31.285)
Standing time (min) Primary school I: 105.6 (7.5)
C: 106.1 (7.5)
I: 131.2 (7.5)
C: 97.5 (7.6)
34.148 (9.711) I: 195.1 (11.1)
C: 188.6 (11.2)
I: 220.5 (11.1)
C: 179.8 (11.4)
34.464 (10.110)
Secondary school I: 73.7 (5.6)
C: 66.4 (6.7)
I: 75.4 (6.3)
C: 71.7 (7.4)
−4.762 (12.933) I: 165.9 (10.1)
C: 147.4 (11.8)
I: 138.4 (10.8)
C: 144.0 (13.4)
−22.854 (22.858)
Stepping time (min) Primary school I: 82.5 (7.2)
C: 74.8 (7.2)
I: 80.1 (7.2)
C: 75.8 (7.3)
−4.426 (7.384) I: 141.5 (8.3)
C: 127.3 (8.4)
I: 134.1 (8.3)
C: 138.2 (8.6)
−18.796 (10.038)
Secondary school I: 49.0 (3.5)
C: 51.6 (4.2)
I: 53.4 (3.9)
C: 58.8 (4.6)
−4.308 (7.862) I: 165.9 (10.1)
C: 147.4 (11.8)
I: 138.4 (10.8)
C: 144.0 (13.4)
−16.087 (11.374)
Number of sit-to-stand
transitions
Primary school I: 43.7 (3.3)
C: 42.7 (3.4)
I: 42.7 (3.3)
C: 45.7 (3.4)
−4.042 (3.958) I: 82.7 (5.9)
C: 82.8 (6.0)
I: 85.0 (5.9)
C: 83.9 (6.1)
1.331 (6.105)
Secondary school I: 24.7 (1.8)
C: 20.4 (2.1)
I: 21.7 (1.9)
C: 21.8 (2.2)
−5.034 (2.991) I: 49.4 (2.7)
C: 3.8 (3.2)
I: 47.2 (2.8)
C: 46.2 (3.5)
−4.974 (3.980)
Frequency sitting bouts Primary school I: 1.5 (0.2)
C: 1.6 (0.2)
I: 1.2 (0.2)
C: 1.9 (0.2)
−0.578 (0.364) I: 2.8 (0.3)
C: 2.7 (0.3)
I: 2.4 (0.3)
C: 3.1 (0.3)
−0.816 (0.467)
Secondary school I: 3.6 (0.3)
C: 3.4 (0.3)
I: 3.6 (0.3)
C: 3.1 (0.3)
0.463 (0.545) I: 6.0 (0.4)
C: 5.8 (0.4)
I: 6.5 (0.4)
C: 6.3 (0.5)
0.215 (0.773)
Time accumulated in
sitting bouts (min)
Primary school I: 74.4 (9.2)
C: 75.9 (9.2)
I: 55.1 (9.2)
C: 87.1 (9.6)
−30.518 (17.245) I: 140.4 (14.0)
C: 133.6 (14.5)
I: 113.0 (14.2)
C: 151.5 (14.9)
−43.240 (22.743)
Secondary school I: 160.0 (12.8)
C: 160.6 (15.3)
I: 164.8 (14.4)
C: 147.9 (16.8)
26.073 (26.802) I: 277.2 (20.1)
C: 283.6 (23.6)
I: 312.8 (21.5)
C: 314.3 (26.5)
13.014 (41.413)
Frequency standing
bouts
Primary school I: 34.3 (2.0)
C: 34.9 (2.0)
I: 37.2 (2.0)
C: 31.2 (2.1)
6.488 (3.378) I: 64.5 (3.1)
C: 59.8 (3.2)
I: 66.3 (3.2)
C: 56.3 (3.3)
5.291 (4.760)
Secondary school I: 22.9 (1.7)
C: 22.8 (2.0)
I: 21.9 (1.9)
C: 22.8 (2.2)
−1.409 (3.681) I: 46.6 (2.8)
C: 45.6 (3.3)
I: 38.7 (3.0)
C: 43.3 (3.7)
−5.628 (5.596)
Time accumulated in
standing bouts (min)
Primary school I: 75.3 (7.6)
C: 78.8 (7.6)
I: 104.0 (7.6)
C: 69.6 (7.7)
37.648 (9.281) I: 142.3 (10.8)
C: 139.6 (10.9)
I: 170.9 (10.8)
C: 129.0 (11.0)
39.242 (8.812)
Secondary school I: 60.3 (5.1)
C: 53.7 (6.1)
I: 61.8 (5.8)
C: 57.4 (6.7)
−2.501 (11.928) I: 134.8 (9.8)
C: 120.5 (11.5)
I: 114.4 (10.6)
C: 119.5 (13.0)
−16.751 (21.618)
I intervention group, C(ontr) control group, SE standard error
Significant values are indicated in bold
Borderline significant values are indicated in italic and bold
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Process evaluation using qualitative data (intervention
group only)
Use of the standing desks at school
Some schools used a fixed rotation system (as ini-
tially suggested by the researchers), whereas in other
schools, pupils had the freedom to use the standing
desks whenever they wanted to. When a rotation
system was used, it was the teacher who gave the
sign to rotate.
“We always rotate according to a specific scheme, I
think that’s easy. And the teacher says when we have
to rotate.” (pupil, primary school 5)
“A fixed rotation system makes sure it is fair, that
every pupil can use the desks.” (pupil, secondary
school 2)
“It is just: who gets there first, can use the standing
desk.” (pupil, secondary school 1)
“I first thought, I am going to use a rotation system, but
the pupils always come along so well that I actually
never had to intervene.” (teacher, primary school 1)
“I don’t work with a rotation system anymore, except
in the beginning I had to, because they all wanted to
stand up so then they had to take turns.” (teacher,
secondary school 1)
In most schools (especially in secondary schools), pu-
pils stood at the desk for an entire lesson hour, as they
do not have to keep an eye on the time then. In some
primary schools, pupils stood up for half a lesson hour
(which was initially suggested by the researchers).
“You’re always busy during the lessons and you don’t
look at the clock, so that’s why we rotate every hour
and not every half hour.” (pupil, secondary school 4)
“We are always with three pupils who can stand up
for half a lesson hour, and then we rotate.” (pupil,
primary school 2)
“Yes, I try to keep an eye on my watch. Pupils stand at
the desk for let’s say half an hour and then we switch.”
(teacher, primary school 5)
Some pupils and teachers indicated that the desks were
more used in the beginning. In one secondary school, the
desks were not used anymore at the end of the
school year.
“It used to be special, but now we often forget.” (pupil,
primary school 1)
“In the beginning there was a lot of enthusiasm, but
then it might have decreased.” (teacher, secondary
school 1)
Table 5 Change in process evaluation data for primary and secondary school pupils
MID
Mean (SE)
POST
Mean (SE)
Time
Beta (SE)
Frequency of using the desks a (times/week) Primary school 2.94(0.61) 1.80(0.61) −0.379(0.093)
Secondary school 1.30(0.66) 1.42(0.66) 0.195(0.104)
Duration at the desk (min/time) Primary school 32.35(4.25) 30.18(4.26) −1.950(1.664)
Secondary school 41.91(4.94) 41.34(4.95) −0.580(1.209)
Mean duration at the deska (min/week) Primary school 84.31(13.03) 57.69(13.0) −0.376(0.113)
Secondary school 63.05(30.0) 58.20(29.99) 0.107(0.112)
Preferences to use the deska (1–5) Primary school 4.57(0.10) 4.33(0.10) −0.093(0.040)
Secondary school 3.80(0.17) 3.87(0.17) 0.027(0.040)
Self-efficacy to use the deska (1–5) Primary school 4.12(0.15) 3.75(0.15) −0.147(0.065)
Secondary school 3.09(0.19) 3.33(0.18) 0.085(0.058)
Attitude towards the deska (1–5) Primary school 4.48(0.10) 4.39(0.10) −0.047(0.038)
Secondary school 3.71(0.13) 3.89(0.13) 0.057(0.032)
Habit to use the deska (1–5) Primary school 3.59(0.21) 3.03(0.21) −0.224(0.078)
Secondary school 2.99(0.14) 2.92(0.14) −0.041(0.074)
Subjective norm to use the desk (1–5) Primary school 4.11(0.11) 4.32(0.11) 0.242(0.138)
Secondary school 3.73(0.20) 3.70(0.20) −0.014(0.124)
alog-transformed, SE standard error
Significant values are indicated in bold
Borderline significant values are indicated in italic and bold
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“In the beginning it actually went well, the desks were
used. But then it started to slack off and we are now
at the point that they are actually not used anymore.”
(teacher, secondary school 5)
“It is mainly the same pupils who keep using the
standing desks.” (teacher, secondary school 3)
Perceived effects of using the standing desks
The large majority of pupils in primary schools thought
that they could concentrate better when they were
standing at the desk. This was also reiterated by their
teachers. Some pupils explained that this was because
they talked less with classmates or fidgeted less.
“I go to a speech therapist for my concentration. It is
better at a standing desk. I can concentrate more.”
(pupil, primary school 4)
“In general, the concentration at those desks is very
good. Of course, it depends on who they are standing
next to.” (teacher, primary school 3)
In secondary schools, opinions were more divided on
the effect on concentration.
“I don’t think you can concentrate better, but it’s not that
I lose my concentration.” (pupil, secondary school 4)
“I generally notice that they can concentrate better.
Pupils who mostly not give a lot of answers, will now
answer more quickly, that is something that I notice.”
(teacher, secondary school 3)
“There is a loss of concentration, because they feel like
‘I am standing here and I don’t have to do anything’.”
(teacher, secondary school 5)
Pupils from both primary and secondary schools per-
ceived that they had a better posture when standing at
the desk. Other perceived effects from pupils included
feeling less tired and more energetic, although this was
noted more frequently by pupils from primary schools.
Pupils from secondary schools generally perceived fewer
other effects.
“If you sit at a regular desk, you are writing with your
head down, but at the standing desks you write with a
straight back.” (pupil, primary school 4)
“If you sit down, you will quickly sag and sit down with
a pleated back. If you stand up, you pay more attention
to stand up correctly.” (pupil, secondary school 4)
“You sometimes feel less tired after a lesson where you
have stood up.” (pupil, secondary school 2)
Some secondary school pupils said that they did not
perceive any effects because they did not spend suffi-
cient time at a standing desk.
“I think that it can make a difference on the long term,
and not immediately after a lesson.” (pupil, secondary
school 2)
“I think that we stand up too little to feel an effect.”
(pupil, secondary school 3)
Attitude towards using standing desks
Most pupils and teachers were generally positive about
using standing desks in the classroom. Standing desks
were thought to be fun, a good idea and a good initia-
tive. The most important advantage of the standing desks
was being able to switch between sitting and standing
throughout the day. Other advantages were the usability
of the desks and the improved posture of pupils.
“I think a standing desk is better, because otherwise
you almost sit all the time, about 7 hours a day, now
you have a bit more physical activity, and I like
physical activity.” (pupil, primary school 4)
“I think it’s good like this. Standing up a bit and then
sitting down a bit.” (pupil, primary school 5)
“It is nice that if you want to stand up some time, you
can actually do that, instead of really having to keep
sitting down.” (pupil, secondary school 2)
“I am really a fan. I am all for more physical activity
anyhow, so I also try to incorporate that in my
lessons.” (teacher, primary school 1)
“The fact that they stand up might not be so bad,
also for their health. By standing up they are less
attached to their chair and they move more than
when they sit on a chair.” (teacher, secondary
school 1)
Some teachers from secondary schools noticed differ-
ences between pupils in how much they like to stand up
during lessons.
“Some pupils like to stand, that is something I see,
others like it less. That’s typical for adolescents.”
(teacher, secondary school 3)
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“Some pupils felt like ‘Do we still have to stand up,
we don’t think it’s pleasant after all’.” (teacher,
secondary school 5)
The fact that the desks were placed at the back of
the class came with both advantages and disadvan-
tages. Some pupils were able to see the front of the
class, whilst others found it difficult to see. In
addition, the larger distance between the teachers and
the pupils at the standing desks encouraged some
pupils to copy during tests. In addition, it was some-
times mentioned by both pupils and teachers that
standing up at the desks might not be feasible for all
lessons or lesson contents.
“I think it’s good because in the back you have a good
overview and you can see the blackboard very well.”
(pupil, primary school 1)
“If it is needed for you to pay attention, and you are at
the back and you don’t get involved, then, yeah, you
don’t want to stand there.” (pupil, secondary school 4)
“If it is a really important lesson, I still let them sit
down, because the pupils can then sit closer to the
blackboard. Otherwise they’re too far away.” (teacher,
primary school 4)
“The only thing I do not allow is to do a test at the
desks, because it was too easy to copy.” (teacher,
primary school 1)
Both groups also noted some other barriers or difficul-
ties, although this was generally more the case in the
secondary schools. In general, some teachers indicated
that it was less practical to implement three extra stand-
ing desks in the set-up of smaller classrooms.
“We don’t really have the accommodation for that, so
yeah, the only option was right at the back of the
classroom.” (teacher, primary school 1)
“I don’t think it is optimal with 27 in that small
classroom. Because they are already sitting on each
other and then those desks have to be there too.”
(teacher, secondary school 1)
Furthermore, some pupils and teachers from secondary
schools indicated it would have been more easy if they
had already used standing desks from primary school.
“It is taking some time getting used to. Because you
did not know how to stand there.” (pupil, secondary
school 4)
“It is not a habit that they have. Maybe if it would
already have been learned from primary school, it
might feel more natural for them. So that they know,
look, every once in a while we stand up.” (teacher,
secondary school 3)
Some teachers from secondary schools mentioned that
it could create chaos in the classroom. One teacher from
a secondary school said that it could be more difficult
for older or more traditional teachers to have standing
desks in their classroom.
“The disciplinary aspect. We always say to our
students ‘First stand up behind the chair and if it is
quiet, take a seat.’ That is something that doesn’t work
if you would have an entire classroom with standing
desks. Sitting down actually can bring some rest.”
(teacher, secondary school 1)
“I have heard colleagues who said ‘Those desks are not
handy!’, but that were mostly older and more
traditional teachers who are not open to that.”
(teacher, secondary school 1)
“But of course, I am open for that. I think that as a
teacher, if you are negative about it, it would be
different and you would pass this on to the pupils (…)
You have to be open-minded, not everyone is like that.”
(teacher, primary school 5)
In one secondary school, pupils did not feel really sup-
ported from the teachers to use the standing desks.
“If the teachers would cooperate more, we would use it
more often.” (pupil, secondary school 5)
Suggestions for future implementation
A lot of pupils suggested installing standing desks in
other classrooms/schools. In addition, all teachers but
one would recommend them to other teachers or to
other schools. Suggestions for others were to take into
account pupils’ preferences and to pay attention to the
class organisation.
“I would definitely recommend them. It creates a vivid
moment in the classroom.” (teacher, primary school 5)
“I am now not really convinced of the added value.”
(teacher, secondary school 5)
Both pupils and teachers from primary schools would
only implement it from the older years.
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“I would do it for the 4th, 5th and 6th grade, I think
pupils from the first and second grade would get more
tired if they stand up at a standing desk (…) I think it is
a bit too difficult for them.” (pupil, primary school 4)
Almost all pupils and teachers from primary and sec-
ondary schools indicated that three standing desks were
not sufficient, as only three pupils can stand up at the
same time. Some suggested to implement four or five
standing desks per classroom, others suggested to re-
place half of the sitting desks with standing desks.
“I would install some more desks, so more children can
stand up and also for a longer time.” (pupil, primary
school 4)
“Maybe fifty-fifty, half of the class sits down, half of the
class stands up, then they can switch more often.”
(teacher, primary school 1)
“Let’s say in an average class of 20 pupils, I would
place five desks. One fourth of the class.” (teacher,
secondary school 3)
Finally, according to the teachers the most important
barrier for schools to implement standing desks would
be the high price.
“The price, that’s a no-go… I think that is very unfortu-
nate.” (teacher, primary school 2)
“If you spend a lot of money on such a desk, knowing
that pupils will draw on it or stick gum to it…. I think
that is the biggest disadvantage, because the fact that
they stand up, that’s nothing but an advantage I
think.” (teacher, secondary school 3)
Discussion
This study evaluated the effect and process of imple-
menting standing desks in the classroom of primary and
secondary schools across Flanders, Belgium. In general,
very few significant intervention effects were found,
however, the activPAL data revealed some positive inter-
vention effects for primary school pupils only. In
addition, the process evaluation showed that most pupils
and teachers were generally positive about using stand-
ing desks in the classroom, though some potential bar-
riers and concerns were noted.
There are several possible reasons for the general lack
of effect observed. One reason could be the limited
amount of standing desks in each classroom, restricting
the amount of time that pupils could spend at the stand-
ing desk (on average 60 min per week) and potentially
reducing the chance to create a real habit for standing.
In addition, our process evaluation showed that the use
largely varied between schools and pupils. Previous stud-
ies have often replaced all traditional desks with standing
desks (including a stool) [20], yet most of them did not
provide specific information on how many minutes per
day or per week pupils actually stood at the standing
desks [20–22]. A previous study that compared the ef-
fect of installing standing desks for all pupils versus
using a rotation system with less standing desks, found
similar effects on children’s sitting time [25]. However,
there were still six standing desks available and children
were exposed to them at least 1 h per day, which is far
more than our average of 60 min per week. To the best
of our knowledge, the current study installed the smal-
lest number of standing desks in the classroom com-
pared to other studies. In the focus groups and
interviews, pupils and teachers suggested to install more
than three desks, with suggestions ranging from four or
five to half of the class. Nevertheless, it remains difficult
to recommend how many desks are needed, especially
when considering the high costs and the limited class-
room space, which was mentioned several times by
teachers in the interviews. Alternative desk models
might be explored, such as high tables that can accom-
modate several pupils. Further, it might even not be rele-
vant to install a larger amount, as both the qualitative
and quantitative process evaluation showed a decreased
use of the desks throughout the school year, although
this might also be due to the inability of creating ‘a
standing habit’ with only three desks. Some pupils and
teachers indeed indicated in the focus groups and inter-
views at the mid-test that the desks had higher use in
the beginning. The quantitative data confirmed this for
primary school pupils, as there was a significant decrease
in the frequency of using the desks from the mid- to
post-test, resulting in a decreased duration per week at
the desk. In addition, preferences, self-efficacy and even
habit of using standing desks decreased in this group, al-
though it could be observed that the mean values for pri-
mary school pupils were still generally the same or even
higher at the post-test than those for secondary school pu-
pils. In the literature, it has been stated that introducing
standing desks may stimulate a novelty effect [22, 45].
Thus, in the future it should be determined what the most
effective and feasible intervention design is and how the
continued use of standing desks throughout the
school year(s) can be encouraged. At the same time, it is
also important to offer teachers and pupils the choice on
how to use the desks, by for example, providing peda-
gogical training.
A second potential reason for the general lack of effect
is the use of a questionnaire to examine intervention
outcomes. The reason to use a questionnaire was
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twofold: it allowed us to measure a relatively large sam-
ple at three time points and allowed us to investigate the
effect on outcomes such as screen-time, determinants of
breaking up sitting time, and school-related variables,
which are generally assessed by a questionnaire. Investi-
gating these outcomes might be important for starting
to examine the broader impact of standing desks. How-
ever, questionnaires are subjected to recall bias and so-
cial desirability and generally have lower reliability and
validity compared to objective measures [46]. Further,
the items in our questionnaire were derived from previ-
ous questionnaires [34, 35, 40], and might have been less
appropriate for a standing desks intervention. It could
therefore be relevant to develop a questionnaire that is
more specifically related or tailored to the implementa-
tion of standing desks in schools and that is sufficiently
sensitive to capture changes due to the intervention. Of
course, using an objective posture monitor provides ac-
curate and relevant data and is still recommended. In
this study, we found more (positive) intervention effects
when using activPAL data. However, only a subsample
of pupils was asked to wear an activPAL for practical
reasons, and few pupils wore the monitor at the last
time point, leaving us with only a very small sample that
could be analysed between the pre- and mid-test. These
results should therefore be interpreted with caution. Pre-
vious studies evaluating the effect of standing desks in
schools via activPAL, also measured relatively small sam-
ples [25–29]. Thus, future studies should use activPAL
monitors in a large sample of pupils - although being
aware of issues reported in relation to participant burden
[47, 48] -, in combination with a questionnaire that is
specifically related to sitting and standing time at school
and to the implementation of standing desks in schools.
One other possibility might be to use self-reported diar-
ies or logs and external observers to assess pupils’ sitting
and standing time [49].
A final reason for the general lack of effects could be
that no other environmental or educational strategies
were implemented in this study [21, 22]. A study con-
ducted in Australia combined both standing desks as
well as pedagogical strategies to reduce and break up
children’s sitting time in primary school and found
favourable effects on their sedentary patterns [26]. Silva
and colleagues [50] investigated the effected of an inter-
vention combining standing desks with teacher training
and educational and motivational sessions with students
and parents and also found significant improvements for
sitting and standing time. Future studies should investi-
gate if it is more effective to implement extra interven-
tion strategies, such as educational components, goal
setting techniques and pedagogical training [20], rather
than providing an environmental change to the class-
room alone.
Although there was a general lack of intervention effect
observed overall, some differences were evident between
primary and secondary schools. For primary schoolchil-
dren we only found two small intervention effects when
looking at the questionnaire data (i.e. self-efficacy to break
up sitting time and habit of breaking up sitting time), but
several intervention effects when looking at the activPAL
data (notwithstanding the small subsample). For example,
the sitting time during school hours (− 26 min) and total
time spent in sitting bouts during school hours (− 19 min)
and across the whole school day (− 27 min) decreased in
the intervention group and increased in the control group
(+ 12 min, + 11 min, + 18 min, respectively), whereas the
standing time and total time spent in standing bouts dur-
ing school hours (+ 26 min, + 29 min, respectively) and
across the whole school day (+ 25 min, + 29 min, respect-
ively) increased for the intervention group and decreased
for the control group by about 10 min. It is encouraging
that the majority of intervention effects remained signifi-
cant when focusing on the whole day. However, primary
school pupils’ stepping time slightly decreased for the
intervention group (− 7 min) which could suggest they
compensate in their physical activity [45]. Although our
results with regard to questionnaire data cannot be com-
pared to other studies as these outcomes have not been
investigated before, the activPAL results are in accordance
with other standing desks studies in primary school chil-
dren that used an activPAL [25–27, 29, 50]. These studies
also found (significant) increases in standing time and
(significant) decreases in sitting time during class time
and/or over the school day, although the relative change
was mostly larger in those studies. Some of them found
significant increases in stepping time as well [25, 29],
which is different from our results. For secondary school
pupils, of the few intervention effects that were found
using questionnaire data, they were not in the expected
direction and there were generally no intervention effects
with regard to the activPAL data. A possible explanation
for the difference is that primary school pupils often have
one main teacher and their own classroom, which might
improve both the practicality and the accessibility of the
intervention [22]. Adolescents often transition between
school classrooms for different lessons, however, for most
school it is financially not possible to install standing desks
in all those classrooms, resulting in limited exposure to
standing desks. Indeed, our quantitative process evalu-
ation data showed a lower mean duration at the standing
desk per week in secondary school pupils compared to
primary school pupils (especially at the mid-test). Add-
itionally, the difference in the nature of lessons between
primary and secondary schools might also have an impact.
For example, the lessons in primary schools which are
often more playful and interactive could lend themselves
more for using the standing desks. Previous standing
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desks interventions were mostly conducted in primary
schools, probably for that reason [20, 22], however, a pre-
vious study in which adolescents also had a low exposure
to the standing desks (1–2 lessons per week) found a posi-
tive effect on adolescents’ sitting and standing time and
bouts [28]. Nevertheless, this pilot study included a small
study sample, so more research in adolescents is needed.
In addition, the authors hypothesised that because of the
low exposure to the desks, some pupils experienced some
problems with adjusting and getting used to the desks,
which is important to take into account when implement-
ing standing desks in secondary schools [28]. Similarly, it
might be hard to adjust for secondary school teachers who
often move between different classrooms as well, suggest-
ing they might be more difficult to get on board compared
to primary school teachers. These assumptions should be
further investigated and future studies need to consider
how standing desks are ideally incorporated in the second-
ary school system.
Despite the lack of intervention effects, pupils and
teachers were generally positive about the standing
desks, which is in line with the findings of previous stud-
ies [20, 24, 51]. Teachers underlined the importance of
letting children and adolescents break up their sitting
time and stand up once in a while, and pupils enjoyed
being able to transition between sitting and standing.
Both pupils and teachers perceived an effect on pupils’
concentration level, although this was primarily the case
among primary school pupils. In secondary schools,
these perceptions were mixed. Therefore, it would be
relevant to objectively assess the effect of standing desks
on specific cognitive or academic performances, as the
evidence is currently scarce [20–22]. Only two studies
have already assessed the effect of standing desks on pu-
pils’ cognitive function with preliminary evidence for
positive effects, but the small sample size and/or lack of
control group [49, 52] suggest more research is needed.
This information would arguably be more important for
schools than any potential health benefits [20]. More
specifically, if strong evidence for beneficial or at least no
detrimental effects on pupils’ cognitive, learning or aca-
demic performances are found, this might persuade all
teachers (including the more conservative ones) to use
them in the classroom. Indeed, our qualitative findings
showed that not all teachers are convinced of the added
value, which is important for an optimal implementation.
Finally, specific attention should be given on how to organ-
ise the standing desks in the classroom set-up in order to
have sufficient space and to avoid pupils at the desks being
able to copy during tests or feel isolated from the rest of
the class.
Study strengths were (a) the evaluation of both the ef-
fect and process (based on qualitative and quantitative
data) of implementing standing desks, (b) the relatively
large study sample across 19 classes from both primary
and secondary schools in a European context, and (c)
the study design with three measurements using an
intervention and control condition. These strengths
build upon the research conducted so far. The main
limitation relates to the effect measures, that is the use
of a questionnaire and the small sample providing (valid)
activPAL data. A second limitation is that the focus
groups and interviews were only conducted at the
mid-test, due to the fact that the end of the school year
is a busy period for schools (e.g. exams). However, as the
quantitative process evaluation data showed, for
example, a decrease in the frequency of using the stand-
ing desks in primary schools, it would be relevant to
conduct a qualitative process evaluation at the end of
the school year as well. Another limitation is related to
the impact of teachers on the effects of the standing
desks. Although we took into account the class-level in
our multilevel analyses, we were not able to control our
analyses for potential influence of the teachers. Teachers
are important “agents” of pupils’ sedentary behaviour,
suggesting future interventions could specifically focus
on changing important determinants, such as teachers’
attitude and self-efficacy towards using standing desks.
Finally, although a cluster-randomised controlled trial
was conducted, some methodological issues need to be
acknowledged, such as the selection bias which could
have occurred when principals selected one specific class
in their school to participate in the study and when
teachers selected three pupils to wear an activPAL. In
addition, the convenience sampling of schools might have
led to a lack of representativeness to the wider population.
Indeed, schools were only located in two provinces in
Flanders (with the majority in East-Flanders) and almost
80% of secondary schools exclusively offered general edu-
cation, suggesting the findings of our study cannot be gen-
eralised to the entire (secondary) school population.
Conclusion
This study on implementing standing desks into the
classroom of Flemish primary and secondary schools
found that most pupils and teachers were generally posi-
tive about using standing desks in the classroom. How-
ever, there were generally not many or large intervention
effects, especially when questionnaire data were ana-
lysed. Some favourable intervention effects were found
on primary school pupils’ objectively measured sitting
and standing time and bouts, but this was based on data
from a small subsample. Future studies should deter-
mine the most effective and feasible intervention design
and how the continued use of standing desks throughout
the school year(s) can be encouraged. Further, it should
be investigated if additional intervention strategies are
required for behavioural change. To assess the effect,
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future studies should use activPAL inclinometers in a
large sample of pupils, possibly in combination with a
questionnaire that is specifically related to sitting and
standing time at school and to the implementation of
standing desks in schools.
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